Introduction
Coronary artery disease (CAD) can be diagnosed using various techniques that help to establish the need for therapy. Direct invasive testing by coronary angiography is effective and recommended in patients with a high pre-test probability, but has high costs, lower diagnostic accuracy and unnecessary risks when used in patients with an intermediate pre-test probability [1] . Therefore, current guidelines recommend noninvasive imaging techniques as gatekeeper strategies to select patients with an intermediate pre-test probability for CAD (between 15 and 85%) who will need invasive diagnostic testing [2] .
Other, noninvasive diagnostic tests for stable CAD are available: stress echocardiography, coronary computed tomography (CT) or positron emission tomography (PET), single-photon emission computed tomography (SPECT) and cardiac magnetic resonance imaging (CMR). SPECT currently is the most widely used imaging technique for the diagnosis of stable CAD. However, medical and economic data in favour of CMR are accumulating [3] [4] [5] [6] . Guidelines [2] mention CMR at the same level as stress echocardiography, SPECT and PET [7] ; studies showing a superiority of CMR for the diagnosis of stable CAD have been criticised [8] [9] [10] [11] . In addition to the varying sensitivities and specificities reported in the literature, rapid technological improvement and the complexity of patients' characteristics do not reveal a clear benefit for one technique over the other. Thus, it is generally accepted that the technique chosen in a specific hospital is mainly dictated by local avail-ability, expertise, and patients' preference and comorbidities.
According to the Organisation for Economic Cooperation and Development (OECD) report published in 2016, Switzerland belongs to the countries with the most CT and MRI scans per inhabitant [12, 13] . Although these scans are used for diagnostic purposes not only in the domain of cardiology, and despite their high availability, little is known regarding the use of CMR or SPECT for the diagnosis of stable CAD in Switzerland.
Furthermore, the Swiss Medical Board (SMB), a Swiss organisation founded to assess the efficacy, adequacy and cost effectiveness of diagnostic and therapeutic measures, as required for reimbursement by Swiss health insurance providers, recently questioned the value of CMR in comparison with SPECT for the diagnosis of stable CAD [14] .
In the light of these uncertainties, we aimed first to evaluate the number of tests and relative use of CMR and SPECT in Swiss hospitals where both techniques are available, and second to investigate the underlying reasons for the preferential use of one or the other technique.
Methods
With the support of SGNM (Schweizerische Gesellschaft für Nuklearmedizin) and through research on hospital-specific websites, the clinic directors of the radiology and cardiology departments of nine main Swiss hospitals were contacted (University Hospitals of Bern, Basel, Lausanne, Geneva and Zurich, the Cantonal Hospitals of Aarau, Lucerne and St Gallen and two centres in BellinzonaLugano). The clinic directors were asked about the number of SPECT/CMR examinations conducted to diagnose stable CAD in the years 2014 to 2016. They were also sent a short questionnaire, which they could pass on to their colleagues. An example of this questionnaire is presented in appendix 1.
The questionnaire was designed to take into account the limitations of SPECT and CMR and the presumable impacts they have on the implementation of the two techniques in the clinic. As highlighted in the literature [15, 16] , each technique has advantages and disadvantages regarding their suitability for the diagnosis of CAD, their availability and accessibility, the time and effort required for the examination, the contraindications for each technique, their costs, the possibility to have the investigation reimbursed by the insurer and the availability of the corresponding specialists for interpretation of the results.
Each question was asked for CMR and SPECT separately and the possible answers were presented as a five-level Likert-scale (1 being the most negative and 5 the most positive score). The answers to each question were graphically represented and analysed by comparing the median of each question using a Wilcoxon-Mann-Whitney test.
In addition, two experts in SPECT (nuclear medicine specialist) and CMR (cardiologist), respectively, were interviewed at two university hospitals. They were asked open questions about the advantages and disadvantages of both techniques, their availability, the challenges in their everyday implementation, expected future trends of imaging techniques in Switzerland and political or organisational biases that could influence the use of the two diagnostic procedures.
Results
Questionnaires and numbers of procedures were collected over 6 weeks (mid-October 2017 to the end of November 2017). Eight hospitals provided numbers and questionnaires (the total number of questionnaires collected was 22). The precision of the numbers was variable, mainly because the clinic directors did not have direct access to the information or because the data were not recorded in the hospital for some or all of the analysed years. One of the hospitals did not report any numbers (as no statistics were recorded there) and in two further university hospitals, the numbers were only partially available. The numbers of diagnostic procedures are presented in table 1.
There was notable heterogeneity across years and hospitals. The hospitals in Lausanne and Bern used CMR to a much larger extent, whereas most of the other hospitals rather used SPECT to diagnose stable CAD. Over the years, there was a tendency to more examinations overall, but the numbers of the each procedure differed depending on the hospital: there was a growing use of CMR in all hospitals, but the number of SPECT examinations both increased (in St Gallen, Geneva, Basel and Zurich) and decreased (in Bellinzona/Lugano and Bern).
The answers to the questionnaires are presented in figure 1. The median score and the p-value for the comparison between SPECT and CMR for each question are shown in table 2. Of the 22 questionnaires, 4 (18%) were filled in by clinic directors, 3 (14%) by chief physicians, 11 (50%) by attending physicians and 4 (18%) by residents. Nine respondents were cardiologists, 4 radiologists and 14 nuclear medicine specialists (respondents could record more than one speciality). Missing data (a skipped question or part of a question) was allowed for and happened more often with questions regarding CMR than SPECT (mainly because some of the nuclear medicine specialists did not take a position on some of the CMR-related questions).
The greatest discrepancy in the answers concerned contraindications to the procedures: Physicians perceived CMR to be have more contraindications, hindering its implementation for the diagnosis of stable CAD. The availability of the SPECT scans and the suitability of SPECT for the diagnosis of CAD were considered better than the equivalent for CMR. The other parameters did not show any significant differences.
The interviews with the two experts are available in appendix 1. The experts emphasised that selecting a single imaging technique suitable for diagnosing all patients with an intermediate pre-test probability of CAD is not realistic in Swiss hospitals, where both nuclear medicine and CMR techniques are available. On the basis of the advantages and disadvantages of the techniques, a "patient-centred" evaluation of each case should address patient-specific questions, namely what information is valuable for which patients and which technique will probably deliver the most relevant answers. For the expert in cardiology, SPECT and CMR are not equivalent: CMR is extremely sensitive to previous myocardial infarctions, myocardial diseases and scars, whereas a SPECT or a PET-CT scan was stated by both experts to be the current most accurate technique to diagnose ischaemia. The techniques were perceived as similarly specific for excluding stable CAD. In addition, both experts emphasised that an analysis limited to the comparison of SPECT and CMR, without including other techniques (such as stress echocardiography or PET-CT), would not be representative of the complexity of the current diagnostic process for stable CAD. They would prefer an evaluation of all noninvasive and invasive techniques available.
Discussion
The present study evaluated the current use of two of imaging techniques for the diagnosis of stable CAD (namely SPECT and CMR), physicians' perceptions of these procedures and the opinion of two experts, and led us to four main conclusions. First, not all Swiss hospitals implement both techniques to the same extent and one of them shows a very strong preference for CMR. In fact, except for this one hospital (Lausanne), the results in table 2 are consistent and show that both techniques are used in daily practice. Second, in the last few years there has been a tendency to more diagnostic procedures, with growing use of CMR. Third, according to our questionnaires, physicians believe that the contraindications associated with CMR are more problematic than those associated with SPECT for the diagnosis of stable CAD, and that SPECT remains a more appropriate and more easily available diagnostic option. Fourth, some topics were repeatedly highlighted as challenging by both experts interviewed, namely inconsistent medical evidence, differences in collaboration or conflicts of interest between hospital departments, local availability of scans and expertise, hospital-specific decision makers and competition with the private sector. The need for a comprehensive evaluation of the diagnostic process, not limited to SPECT or CMR, was highlighted. Especially in private practice, stress testing without imaging or stress echocardiography are widely used even though such a practice is no longer recommended by the relevant guidelines [2].
In line with the diverging evidence supporting or refuting the superiority of CMR over SPECT in the literature [3] [4] [5] [6] [8] [9] [10] [11] , the use of these techniques in Switzerland is heterogeneous. The factors explaining why some hospitals in Switzerland favour one technique over the other include the availability of CMR scans, the suitability of this modality for the diagnosis of stable CAD and its contraindications, as all these factors were revealed as limiting factors when CMR was compared with SPECT in our questionnaire. Moreover, both our experts confirmed local availability and expertise as key players in the implementation of both techniques. Acknowledging the important differentiation between efficacy (how well does the technique perform when implemented in an optimal setting?) and effectiveness (how well does the technique perform when implemented in a real-life setting?), guidelines from the UK National Institute for Health and Care Excellence (NICE) [17] recommend that the technique used should be chosen depending on "local availability, expertise and patients preference." [17] However, further factors, such as conflicts of interest between radiologists, nuclear medicine specialists and cardiologists who strongly favour one technique over the other, or personal interpretation of the heterogeneous available literature [3] [4] [5] [6] [8] [9] [10] [11] could possibly overrule important patient-or expertise-related considerations and therefore negatively impact on the medical and cost effectiveness of the choice of diagnostic technique. As confirmed by the interviews with our experts, clear separation of the nuclear medicine department and the cardiology department in the various hospitals, conflicts of interest and physicians' preferences seem to play a large role in the choice of technique. Such biases have already been highlighted by Thom et al. [11] , who showed that personal beliefs, preferences and domain of professional expertise could influence referral for the diagnosis of stable CAD (with interventional cardiologists referring more patients for coronary angiography as compared with non-interventional cardiologists, despite negative imaging results ). However, these biases must be considered in the context of various departments competing for funding and profit, not only within the same hospital but also with external private institutes, which are spreading in Switzerland.
The cost effectiveness of procedures and the question of scarce resource allocation is of increasing importance in the modern medical world. We observed that a rising number of imaging diagnostic examinations are conducted by the hospitals in Switzerland; this is not limited to cardiology and seems to be justified in the context of an aging population with a growing disease burden, and the high expectations of the Swiss population regarding quality of care. Cost-effectiveness data applicable to Switzerland were highlighted in a study by Pletscher et al., which assessed the comparative costs of both techniques in Switzerland [18] , and formally showed a statistically significant cost reduction when using CMR rather than SPECT for the diagnosis of stable CAD. However, the relevance of these data needs to be put into perspective: a previous study comparing direct invasive coronary angiography with SPECT and selective coronary angiography for the diagnosis of table CAD showed a cost reduction of 30 to 40% in intermediate risk patients [19] , whereas the study by Pletscher et al. showed a cost reduction of 1.3% per quality-adjusted life-year (QALY) with use of CMR instead of SPECT. Moreover, a change in technique would require enormous investment in hardware, software and competencies for the hospitals, which would in the end outweigh the benefit of a few gained percentages of sensitivity or specificity and the small amount of money spared in the diagnostic process. Therefore, assessing the limitations in the practical use of these techniques, as well as the overall structural adaptations that would be needed for their implementation, will be a central point to ensure effective diagnosis of stable CAD in the future.
The diagnostic process for stable CAD is complex and not restricted to the choice of CMR or SPECT. We limited our analysis to these two techniques, as the SMB mainly questioned their comparative efficacy and effectiveness [14] , but wider assessments, including other rapidly evolving and promising techniques, would allow a broader perspective (PET-CT, CT angiography, stress echocardiography).
In conclusion, the use of SPECT versus CMR in Switzerland for the diagnosis of stable CAD depends on physician and hospital preferences, organisational structure, availability, and patients' comorbidities. The large heterogeneity observed, however, reflects the situation in the guidelines, which leave the choice of diagnostic technique up to the discretion of the treating physicians. The discussion should not be so much about technique, but about how a clinical question in a patient can best be answered.
Limitations
Several limitations need to be considered when interpreting our results. First, owing to the ongoing debate within the SMB about the usefulness of both techniques for the diagnosis of stable CAD, our analysis was focussed on two noninvasive imaging techniques. Therefore, we cannot draw any conclusion on the use of, for instance, stress echocardiography or PET, nor on their possibly important role in the diagnosis of stable CAD. Second, the number of SPECT and CMR examinations could be obtained for only eight hospitals and some data were missing for two of the hospitals. The reason for these missing data was the absence of systematic data collection in the respective hospitals. Also, no information on smaller hospitals and doctors' offices were used. This limits the conclusion we can draw regarding the increase in CMR over the years in Switzerland. Moreover, 22 physicians answered our questionnaires, which is a relatively small sample. Further studies need to include a much larger number of physicians, record their exact specialisation (nuclear radiologist or cardiologist) and assess in more detail the real reasons underlying the preferential implementation of one or the other diagnostic technique. Finally, we interviewed two experts from two hospitals, whose opinion might not be representative for the cause of the differences in the hospitals studies in the current analysis.
